We have identi®ed and cloned a novel zinc ®nger gene, Fez (forebrain embryonic zinc-®nger), as a potential downstream determinant of anterior neural plate formation in Xenopus. Fez was isolated as one of several neural-speci®c genes that was induced by the neuralizing factor, noggin (Smith and Harland, 1992. Cell 70, 829±840), in uncommitted ectoderm. Fez has an open reading frame comprising 466 amino acids, and contains six C 2 H 2 type zinc ®nger domains, which are highly conserved among Drosophila, zebra®sh, mouse, and human. In Xenopus, the expression of Fez begins at stage 12 in the rostral end of the neural plate, and by stage 45, it is localized to several telencephalic regions, including the olfactory bulbs, nervus terminalis, and ventricular zone. The mouse homologue of Fez is similarly expressed in the mouse forebrain by embryonic day 11. q
Results
The open reading frame of Fez comprises 466 amino acids and contains six C 2 H 2 type zinc ®nger domains (Fig.  1A,B) . Fez is not closely related to other zinc ®nger genes that are involved in early neural development such as Zic/Gli gene family members (Nakata et al., 1997; Brewster et al., 1998; Kuo et al., 1998; Mizuseki et al., 1998) . Interestingly, however, zinc ®nger domains of Fez display high homology to corresponding domains in the mouse EST clone (AI325906), zebra®sh EST clone (AI722599), human cDNA sequence derived from fetal brain (AF064845), and Drosophila genome sequence (AC005749). A comparison of the amino acids in the zinc ®nger domain among these species shows 91±97% homology (Fig. 1B) .
The expression of Fez begins during mid/late-gastrulation at the rostro-medial regions of the anterior neural plate ( Fig.  2A) , and while its expression becomes more pronounced as neurulation progresses, it remains localized within the prospective telencephalic region (Fig. 2B±D) . By stage 46, Fez is expressed in the olfactory bulbs, nervus terminalis, ventral hypothalamic nucleus, and ventricular zone (Fig.  2E,F) . According to the fate mapping study of the presumptive areas of the Xenopus neural plate (Eagleson and Harris, 1990; Eagleson et al., 1995) , the domains expressing Fez at stage 15 correlate to the above forebrain regions at stage 46. In relationship to other anterior neural markers at stage 17 and 27, the expression of Fez does not overlap with the mid/ hindbrain boundary marker, en2 (Hemmati-Brivanlou et al., 1991) (Fig. 3A±C) or the cement gland gene, Xag1 (Sive et al., 1989) (Fig. 3D±F) . However, Fez is co-localized with XBF-1 (Fig. 3G±I) , a winged helix transcription factor implicated in neuronal differentiation in Xenopus (Bourguignon et al., 1998) .
Transcription of the mouse homologue of Fez is detected after E7 and becomes intense by E11 by Northern blot analysis (data not shown). In situ hybridization analysis shows that Fez transcripts are localized to both hemispheres of the rostral telencephalon at E11 (Fig. 4A,B) . A horizontal section of an E11 mouse embryo shows the expression of Fez predominantly in the neocortex and hippocampus (Fig. 4C, D) . Faint expression is observed in the anterior hypothalamus and preoptic area (Fig. 4D ). The expression pattern of Fez in the mouse embryo resembles that observed in Xenopus embryos.
Materials and methods
A subtractive cloning method (PCR-Select cDNA subtraction kit, Clontech, Palo Alto, CA) was performed using animal cap ectoderm that was either uninjected or injected with 800 pg of noggin mRNA to isolate genes involved in anterior neural plate development. Subsequently, the sequences of novel clones were analyzed by NCBI BLAST search (http://www.ncbi.nlm.nih.gov/BLAST). Among the novel clones, we identi®ed a zinc ®nger gene, Fez (GenBank Accession Number: AF195021). The full-length cDNA sequence was obtained by utilizing the SMART RACE cDNA Ampli®cation Kit (Clontech, Palo Alto, CA). The open reading frame of Fez was ampli®ed using PCR with primers: 5 H -TCTAGAATGGACAGTAGCCTTCAGCACA-GG-3 H and 5 H -CTCGAGTCAGTACACCGATTTTTGGA-GC-3
H from stage 18 Xenopus cDNA, and subcloned into pCS21 expression vector. Whole-mount in situ hybridization was performed as described previously (Harland, 1991) using digoxygenin or¯uorescein-labeled antisense probes for Fez, en2 (Hemmati-Brivanlou et al., 1991) , Xag1 (Sive et al., 1989) , and XBF-1 (Bourguignon et al., 1998) . In situ hybridization for E10.5 and E11 mouse embryos were performed as described previously (Wilkinson, 1992) using (AI325906), human (AF064845), zebra®sh (AI722599) and Drosophila (AC005749). The human homologue of Fez has a stop codon at amino acid 344 as indicated by`X'. However, given the high sequence homology upstream and downstream from this site in Xenopus, it is likely to be a sequencing error. Additionally, to maximize the amino acid alignment with Fez, two nucleotides at 808 and 839 from the original human (AF064845) cDNA sequence were excluded in the analysis. Identical residues that appear in more than three species are shaded in gray. Bold lines on the top of sequence alignments indicate the six zinc ®nger domains. Sequence alignment was performed using MacVector 6.5 (Oxford Molecular Ltd.).
digoxygenin-labeled anti-sense probe made from the mouse EST clone (accession No. AI 325906). Sectioning of the embryos was performed as described previously (MatsuoTakasaki et al., 1999) . . Abbreviations: ah, anterior hypothalamus; amd, amygdala; at, anterior thalamus; hc, hippocampus; ht; hypothalamus; lv, lateral ventricle; nc; neocortex; poa; preoptic area; ret, retina; sps, striatal pallidal sulcus; stm, striatum; v3, 3rd ventricle.
